Abstract-Utilization of Unmanned Aerial Vehicle (UAV) for observing landscape is rapidly increasing because it is fast a fast way which provides data on demand with an appropriate resolution. Data are suitable for next processing and analyses and the whole procedure is reasonably cheap. It is necessary to propose and describe a suitable process for data collection and processing to repeatedly obtain correct results. Thus, the paper proposes the whole procedure of UAV data collection, preprocessing, classification and indices calculation. The selected aspects of the process are described in a graphical form of various process diagrams (process map, data flow diagram and indicators matrix). The paper describes a case study which is focused on an identification of a small water body (pond Pohranov near Pardubice city in the Czech Republic) shoreline to demonstrate the whole process. The provided graphical description allows standardise the whole process, choose suitable data and an appropriate way of their analysis (e.g. indicators matrix). Main advantage of the proposed procedure is applicability on various data sources and areas of interest.
INTRODUCTION
Society wants to be informed about landscape utilization and changes. Satellites provide data which usually cover larger areas with various temporal and spatial resolution. In the case of observation of small areas, e.g. shorelines of ponds, other facilities can be used to collect a more detailed data on demand, e.g. Unmanned Aerial Vehicle (UAV). UAV has increasing importance for observing small areas, because it is a fast and reasonably cheap way how to obtain a remotely sensed data with a required resolution. UAV availability is today high, but professional facilities which can provide the data with a required resolution and for specified time period, are more expensive. People who buy an UAV for other than recreational utilization, usually want to collect data for next processing and various utilization during decision making and problems solving. Running a complete process of data collection and analyses in a correct way is necessary to obtain usable results. A process description by suitable graphical models and diagrams can help them to process data in a correct way. A process can be described from various points of view by various models, e.g. by data flow diagram (DFD), process maps, BPMN, EPC, UML diagrams, IDEF, flowchart, etc.
A case study for the particular area -pond Pohranov near city of Pardubice, is used in the paper to derive several graphical models of the chosen aspects of the process of UAV data collection and processing. The paper describes and compares various providers of remotely sensed data according to selected parameters (indicators matrix) at first to demonstrate differences between satellite and UAV data collection. Next, the paper provides several graphical models of particular aspects of the process of UAV's data collection and utilization for the case study. The described process is not dependent on a particular type of UAV.
II. REMOTELY SENSED DATA SOURCES
Authors [2] divided remotely sensed data sources into two main groups of providers. The first group is represented by companies or organizations which provide remotely sensed data by satellites operating in the Optical Spectrum, e. g. Landsat or Geostationary Operational Environmental Satellites (GOES). The others are companies and organizations which are focused on microwave and LIDAR (light detection and ranging) sensing and data, e.g. Radarsat.
Satellites operating in the optical spectrum includes ultraviolet (UV), visible, near-, mid-and thermal infrared (IR) wavelengths. It means lengths by 0.3 to 14 μm approximately. Set of typical representatives contains Landsat, GOES, Systeme Pour l´Observation de la Terre (SPOT), IKONOS, Hyperion, National Oceanic and Atmospehric Administration (NOAA) and QuickBird generally. Oceanography, moisture analysis, thermal mapping, cloud cover analysis, soil moisture estimation, surface mapping, land-use and environmental monitoring are usual using of the data.
Indicators matrix (see Table 1 Utilization of UAVs, one of new method of remote sensing data, is increasing in last years. Air-crafts that fly without pilots on the board are divided into three basic types according to [1] : UAV, remotely piloted vehicles (RPVs) and drones, respectively. All are unmanned so the name "unmanned aerial vehicle" or an UAV can be thought of as the most general term. Some people use terms RPV and UAV interchangeably. But, the remotely piloted vehicle is fully piloted or controlled from a remotely located position. On the other side, UAV may perform autonomous or pre-programmed missions. by [4] . The paper uses common graphical models and shows the necessary primary steps and their order, data flow, indices calculation, verification of calculations and other variabilities. Process map is shown at first because it describes flow of particular sub-processes. Next, DFD and Flowchart are used to provide more details. Indicators matrix of remotely sensed data which are available in general, is used because it helps with choice of suitable source of data.
A. Processes Flow
Process map contains 5 processes which are divided into several sub-processes. The main processes are: a) data collection; b) data pre-processing; c) classification; d) indices calculation; and e) results publication.
Data collection contains flight planning and the flight itself. One of key processes follows: data pre-processing. If the preprocessing is not done correctly and with needful accuracy, all following processes will be distorted and will generate wrong results. More information about data pre-processing and problem with it is available in [7] . Classification is the next process. It contains classification itself and evaluation of classification. Classification without evaluation is incomplete, see previous section. Next processes are modified according to the case study. Indices calculation follows after classification. This process is divided to the following sub-processes: selection of indices, calculation of indices and evaluation of indices. Indices should be evaluated; incompleteness of this process without evaluation is evident. The last process is results publication, which is divided into visualization and interpretation of results. For the overview of the whole process map see Fig. 1 . 
B. A Flow of Particular Activities
The whole process is modified for the aim of the case study -identification of small water bodies by data collected by an UAV. The first two sub-processes cover data collection and pre-processing, see Fig. 1 for context and Fig. 2 for details. They include flight planning, flight itself, verification of recorded data in situ, possibly selection of particular images from video and their merging and finally georeferencing. Successful georeferencing requires a georeferenced data source and it means that Root mean square error (RMS) is minimal. Detailed description of content of particular steps is provided by [4] . New method for planning the flight is available in [9] . Detailed information about images selection and mosaic creation is available in [3] and [6] . The next sub-process is represented by classification. It requires georeferenced image data as an input. Choice of a suitable method of classification is very important. Both supervised and unsupervised classification can be used.
Maximum Likelihood can be given as an example of a suitable classifier [8] . In the case of incorrect results, manual classification (i.e. digitization) must be used. Evaluation of results of classification is inevitable because without this step the classification is incomplete. The next sub-process partly depends on the particular study so it is designed for the case study. It can be modified for other analyses. The case study is focused on pond Pohranov and changes of its shoreline. Suitable indices (e.g. GRVI) are calculated. Indices evaluation is the following step; without it indices calculation is not completed. The last step contains results visualization, interpretation, aims evaluation and planning expectations for the future. See Fig. 3 for a graphical model of the subprocesses. 
C. Data Flow
Data flow diagram shows which processes produce and require specific data. The diagram can help with correct assigning of access rights to the data and with design of suitable ways of data storing, e.g. in a database. A request on the data and analyses by a user starts the process. Data collection follows, in this case recorded video is collected. Recorded video is pre-processed after its recording to create georeferenced mosaic image of the whole area of interest. The image is classified in the next step. The classified image is used as an input for calculation of indices. Indices are used to prepare results publication within the next step. Users are informed about monitored area by outputs created from results publication. The scheme is available in the Fig. 5 . UAVs can be used for remote data sensing for many specific researches, e.g. [5] . The paper deals with a suitable way of utilization of UAV sensed data for shoreline of small water bodies identification. Availability and reasonable price belong to important advantages of utilization of an UAV for remotely sensed data collection in comparison with utilization of satellite imagery. Necessity to meet legal requirements, time in air and weight limitation of an UAV belong to disadvantages of UAVs. Weight and cost limitations may influence used sensors. Simple video recorder can be used as a sensor but it provides data only in the visible part of the spectrum.
The paper uses several graphical process models to describe selected aspects of remotely sensed data collection by UAV and especially their processing. Graphical process models can significantly help with standardization of the whole process in the case of repeated flights. An overview of available sources of remotely sensed data which uses a set of proposed criteria, can help with decision making regarding data sources suitable for specific research and application and evaluate their reasonability.
Future work will be focused on detailed classification of indices and their verification for the purpose of small water bodies identification in UAV sensed data in visible part of spectrum.
